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. NATIONAL ADVISORY COMMITTEE FOR AERONAUIICS
RESEARCE MEMORANDUM

"A WIND-TUNNEL INVESTIGATION OF THE STATIC STABILITY

CHARACTERISTICS OF A -]8:- SCATE EJECTABLE PILOT-

SEAT COMBINATION AT A MACH NUMEER OF 0.8

By Fioravante Visconti and Robert J. Nuber
SUMMARY

“An investigation wasg made of a. %u-scale model of an eJectable pilot-

" peat combination with and without stebilizing fins. The purpose of this

investigation was to determine the static aerodynsmic characteristics
and the effectiveness of verious staebilizing fins at a high subsonic
Mach number (0.8).

The results of these tests indicated that the instability of the
pilot-seat combination was eliminated by the addition of stabilizing fins.
Large changes in the stability characteristics and trim angles resulted
from variations in.fin position, dihedral, or incidence angles -and from
small displacements of the center-of-gravity position. The magnitude -
of the serodynamic interference that exists gabout the seat had a large
effect on the effectiveness of fins located at moderate distences from

‘ the seat

INTRODUCTION

In efforts to assist designers in providing for a satisfactory type
of emergency pilot escape from high-speed dircraft, many £flight end wind-
tunnel tests have been made of veriocus proposed devices. Flight tests
(references 1 and 2) have proved the value of the pilot-ejection seat
for emergency pilot escape at least up to moderate subsonlc speeds where
the use of stebilizing parachute equipment is feasible. At higher speeds,
however, the problem of safe pllot departure becomes more acute. A large
deceleration caused by the release of a parachute at high speeds .is
likely to cause injury to the pilot gnd damage to ‘the parachute. If, on
the other. hand the pllot-seat combingation 1s permitted to fall freely

-
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until 1t has gradually decelerated to a safe parachute-release speed, -

high rotational velocities that are likely to occur with a body of this
nature. could very well prove injuriocus to the pilot.

One method of preventing the high rotational veloclties of the seat
until it has decelerated sufficiently to allow safe release of & parachute
¥s the use of stabllizing fins. The stabillizing effects of fins on a
pilot-ejection seat has been lnvestigated at low and moderate speeds
(references 3 and 4). The svaileble literature on the characteristics
of fin-stabillized pilot-election seats, however, i1s insufficient toc allow
accurate prediction of the stability characteristics st high subsonic

speeds. Conse@uently, an investigation of a %- Bcéle model}l of an

eJectable pllot-seat combination with and without stebllizing fins has
been made in the Langley low-turbulence pressure tunnel. At & Mach
number of 0.8, the static aserodynamic characteristics and the stabilizing
effectiveness of varlous fins were obtained. Normal forces and chord
forces on the seat without fins were also obtained through a Mach number
range between O.4 and 0.88. The tests were made at seat aftitudes
ranging from -25° to 25° in sngle of attack and -4° to 8.8° in angle of
yaw. Calculations were also made to show the effects of center-of-gravity
displacement on the stabllity characteristics.

SYMBOLS AND: COEFFICIENTS

The direction of the forces and moments are presented in flgure 1.
The coefficients and symbols used herein are defined as follows:

@ angle of attack, degrees
ot trim angle of attack, degrees
¥ angle of yaw, degrees
Cy normal-force coefficlent <?Ormal force

_ g as

%S
Cy side-force coefficient (Sios force
g5
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Cp p_itching-xpomeﬁt coeffic_ierit <P itcmq:gcmnt)

Cn o yawing—mbment coefficlient (?awigiéiomenf)

¢; -  rolling-moment coefficlent <R°lu’;§s’:°ment>

z/c ) -fertical dlsplacement of center of gravity

x/c ~ longitudinal displecement of center of gravity
. Z vertical distance, positive upwerd, inches

x‘ longitudinal distance, positive forward, inches

c seat reference length, 6 inches

b seat span, 2.25 inches |

S geat reference aréa, 13.5 square inches

95 free-stream dynamic preésure

M free-stream Mach number

AH _totai;pressure loss (H, - Hy)

Hq -free-strgam;total pressure

By total pressure in wske ‘
X longitudinal location of center of fin, i1nches
lY' . lateral location of center of fin, inches

z! ve:£ical location of center of f£in, inches

ap length of fin, inches

be widtﬁ.of fin, inches

if angle of incidence of'fin, degrees

r dihedral angle of fin, degrees
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The subscripts to the partial derivatives denote the variable held
constant when the partlal derivatives were taken.

MODELS AND TESTS

The model tested represented a practical design of an ejectable
pllot-seat combination for use on a transonic alrcraft. Photographs of
the model are presented as figure 2. In order to obtain a high choking
Mach number, the model wes limited to %-scale. The seat pan and back
were made of steel plate and the frame work was fabricated from %- inch

welding rods. All stebilizing fins were made of fg- inch sheet steel

and were attached to the seat by means of.%g-inch diameter rods. The

" dqummy pilot was carved from a mahogany block to the dimensions of the
aversge pllot.

Tests were made with and without stabilizing fins. The initisl
configuration investigated consisted of the eJectable pilot-seat combina-
tion without fins and is referred to hereln ass model configuration 1.
Configurstion 2 consisted of. the seat with stabilizing fins 1.38 inches
long and 1.06 inches wide. For configurations 3 to 7, larger fins having
lengths and widths of 1.94 and 1.38 inches, respectively, were attached
to the seat. The locations of the fin centers with respect to the seat
body axes, and the angles of incidence and dihedral are shown in figure 1.
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The tests were made in the 3-'by_7%-foot rectangular test section

of the Langley low-turbulence pressure tunnel (desoribed in references 5
and 6) in an atmosphere of Freon-12. -A six-component strain-gage sting

" balance, on which the model was mourted, was used to measure the normal,

chord, and side forcee and the pltchlng, yawing, and rolling moments .of
configuration 1 and 2. No chord forces were measured for configurations 3
to T because of an electrical failure in the internsl balance. At a

Mach number of 0.8, the forces and moments were obtained for model

angles of attack ranging between -25° and 25° at o° yew angle and through

& yaw-sngle range between -4° and 8.88° at angles of attack of -25°, 09,
and 25°. Normal forces and chord forces were slso measured for configu-
ration 1 through a Mach number range between O.4 and 0.88 for angles of

attack renglng between -25° and 25° at 0° yaw angle..

= | CORRECTIONS AND ACCURACY OF DATA

Since the balance system was contained in the model, the aerodynamic
forces exerted on the model supports were not measured. by the balance. -
The interference effect of the sting support on the model wase not deter-
mined. It is believed to be.negligible, however, because of the small
relative size of the sting and the fact that it was located 1n & region
of separated flow behind the model. The coefficients and Mach numbers
were not corrected for tunnel-wall effects; approximate calculations,
however, indicated that the maximum corrections to the dynsmic pressure
“and the Mach number existed at a Mach number of 0.88 and did mnot -
exceed 0.01q, and 0.01M." The values of the coefficients and Mach numbers
as oObtalned in an stmosphere of Freon-12 were converted to corresponding
values in air by the methods presented in reference 6.

. An analysis of the accuracy of the strain-gage measurements and the
abllity ‘o dnplicate test points indicated the following maximum
variastions:

CN’ CC, CY L L O D -- o« % & & o s. LI Y Y S L ) 1—0002
. CEJ- Cn e e« e . .._. o e . ¢« & @& & e = - ¢ o - e & o a . s e e @ to:o’oa .
CL o o o e o s o o o o7 o o s o o s o« s « o s e i e e e« 0,003
M - - . . 4 « o . -. - . . ) . . . - . - . - . - - - . - . a .« = i‘o. 015

The angles of -attack and angles of yaw of the model were set within 0.1°.

' RESULTS AND DISCUSSION
Stability Characteristics

The results of the tests of the ejectable pilot-seat combination
with and without stabilizing fins are presented in figures 3'to_5.
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The discussion.refers to the data obtained at a Mach number of 0.8
unless otherwise stated.

Fin effectivenessa.- The results of tests of the pllot-ejection seat
without fins (configuretion 1) indicate that although the model wes
stable in pitch, it would not trim within the angle-of-attack range
investigated (fig. 3) and furthermore wes unsteble in yaw (fig. 4). The
addition of small fins (configuration 2} did not trim the model within
the angle-of-attack range investigated and actually had =a destabilizing
effect in pitch.

In order to determine the cause of the adverse effectiveness of
the small fins, total-pressure measurements were obtained at the location
of the right-hand small fin with the fins removed. These measurements
were mede at a Mach number of O.L4 with the seat incidence asnd yaw angles
set at 0°. The results, presented in figure 5, indicate that a portion
of the fins of configuration 2 were located in the seat weke. It would
be expected, however, that since the average dynemic pressure in the
region of the fins was found to be as much ss 80 percent- of the free-
stream dynamic pressure (fig. 5), the addition of the fins would give
the seat greater stgbility. Inesmuch as the fins caused the model to
become unstable, the adverse fin effectiveness is attributed to large
flow angutarities which probably exlst about a blunt body of this nature.

In order to decrease the effect of the flow angulsrity on the fins,
they were relocated outboard and the dihedral angles were reversed
from h5 to -60°. The fins were also increased in size. These changes
{configuration 3) resulted in an arrangement which was stable in pitch
(fig. 3) and in yaw (fig. 4) but still did not trim within the angle-of-
attack range investigated.

Although configuration 3 provides steble pitching- and yswing-moment
slopes, 1t was felt that the longer fin supporting arms may result in
unnecessary structurel complicatlons. To determine a good compromise
between satisfactory fin characteristlics and & shorter length of the fin
supporting arms, the fins were relocated to positions shown as configu-
rations 4 and 5 in figure 1. The fins of configuration 5 were apparently
located too close to the seat (in the reglon of aerodynamic interference
that existed at positive angles of attack) as attested by the data
presented in figure 3. Configuration 4 showed steble pitching-moment
and yawing-moment characteristics throughout the angle-of-attack range
investigated, although in this angle range it did not trim. The supporting
arm length and position outbosrd from the seat center line was consldered
a good compromise.

In order to decresse the pitch angle of trim, the fin dihedral and
incidence angle of configuration 4 were changed fram -60° to -45° and
-41° %o -9°, respectively. Although this fin configuration, referred to

—-——
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herein as configuration 6, resulted 1n e model that was steble in pitch
and trimmed at an angle of attack of approximately 2l°, it was unstable
in yaw neasr the pitch trim angle (figs. 3 and 4(b)). By changing the
fin dibedrel and incidence angles fram -45° to -55° and -9° to 13°,
respectively, (configuration,7) the model remained stable in pitch over
the angle-of-attack range inﬂestigated and neutrel stabillity in yew at
‘a pltch trim angle of 18 5C was obtained. (See figs. 3 and U(c)).

Effect of center-of-gravity displacement.- Calculatlons were msde
to determine the magnitude of center-of-gravity displacement allowable
for favorable. stability characteristics on conflguration 7, the results
of which ere presented in figure 5.

The positions of center of gravity that would result in rates of f
change of pitching-moment coefficient %ith angle of atiack Cp equal
to 0, -0.001, -0.002, and -0.003 are denoted by the solid curves of
figure 6(a). These curves were calculated with the use of the following
equation: : .

' _ X _Z |
Cng, = Cmg = C e "¢ %Ca (1)

The values of Cma, CN , and Cca substituted 1n thls equation represent

average slopeg measured between angles of attack of 10° and 20°. The.~
limitations imposed on the use of these curves as a result of this
assumption 1s discussed in s subsequent section. It has been noted
rreviously that the chord forces for configuration 7 (large fins) were
not meesured. Inasmuch as the increment of chord force due to the .
addition of small fins was found to be a maximum of only 1.1 percent of
the total chord force without fins (fig. 3) the additional increment due
to the large fins is believed to be negligible. The values of CC used

in the camputations, therefore, were those determined for configuration 2
(small fins)..

The locl of center-of-gravity positions ﬁor glven pitch angles of
.trim are presented as dashed curves 1n figure 6(a). The center-of-gravity

positions at which the seat would trim in pitch were calculated with the
use of the following equation:

X z
Cm-ECN—ECC=O - '(2)

where —GE CN + % Cé) is the change in pifching-moment coefficient at a
c : . .

constant angle of attack caused by a change in center-of-gravity position.
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Megsured values of Cy &nd Cgq were used for the various angles of

attack. The values of Co corresponded to those determined for
configuration 2. .

In order to ensble the determination of Cnv for a pltch trim angle

corresponding to any cénter:of-gravity position, the curves of figure 6(b)
were calculated with the use of the followlng relation:

Cnn-=cn¢"§CY¢ (3)

Values of 0, -0.001, -0.002, and -0.003 were assumed for C and

!

experimental values of an and CY measgured st several angles of

attack were substituted in equation (3) The pillot-seat combination was
essumed to be symmetrical in the spanwise direction and thereby essumed
to trim always at 0° angle of yaw.

The curves of figure 6 indicate that large changes in static
stability characteristics of the fin-stablilized seat would result fram
small displacements of the center-of-gravity position. As shown by
figure 6(a), an upward displacement of the center of gravity of the
order of 1.5 percent of the seat reference length would result in &
decrease in the pitch trim angle from sbout 19° to sbout 3 and a
decrease in the pitch stabllity. With the new pitch trim angle obtained
from figure 6(a) it—can be seen from figure 6(b) that the yaw stabllity
would increase. A forward displacement of 1.5 percent would have a
relatively smaller influence on the pitch trim angle but would increase
the model pltch and yaw stability. Instebility 1n yaw would result with
any small reerward or downward center-of-gravity displacement.

Inssmuch as the solid curves of figure 6(a) were calculated with .
the use of the assumption that Cp , Cy_ » and CC@ were constant
a” . Yo

throughout the angle-of-attack range and were equal to the average
slopes measured between 10° and 20°, it would be expected that predicted
pltching-moment slopes from figure 6(a) would be applicable only to this
angle-of-attack range. In order to determine the limitations of

figure 6(a), the pitching-moment curves for various center-of-gravity
positions were computed polnt for point from the original experimental
deta and the pltching-moment slopes for several angles of attack between
-25° and 25° were measured. These slopes are plotted in figure 7 and
the values of the predicted slopes obtained from figure 6(a) are given
for comparison; this comparison indicates that the pitch stability
characteristics can be predicted accurately from figure 6(a) for angles
of attack between approximately 2° and 21°,
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Celculations of the effect of changes in center-of-gravity position
on the static stabllity characteristics were also made for configuration 1
to determine the possibility of stebilizing the ejectable pilot-seat
comblnation wilithout the aid of stebilizing fins. These calculations
indicated that the model can be made to trim at any angle of atbtack
between 0° and 25° with staeble pitching-moment characteristics. The :
model would remain unstable In yaw, however, unless the center of grevity
is relocated at least 12 percent of the seat reference length forward
of 1t present position. The magnitude of the center-of-gravity displace-
ment required to obtain good static stsbility in yew without fins 1s
probebly too large to be feasible.

Force Characterlistics
The normel- and chord-force data obtained for the fins-off configu-

ration through a Mach number range from O.4 to 0.88 are presented as
figures 8 and 9.

Normal- and chord-force éharacteristics.- An almost linear variation

of normasl-force coefficlent with angle of attack resulted at each Mach
number throughout most of the -angle-of-sttack range lnvestigated. An
increase in Mach number from O.4% to 0.88 caused an increase in normal-
force-curve slope from 0.016 to 0.022 at zero angle of attack. The
magnitude of the chord force at any zngle of attack 1s shown to increase
with increasing Mech number. The raste at which these chord forces
increase with Mach number becomes greater as the Mach number is incresased.

Resultant forces.- Since the resultant force at the trim angle must
pass through the center of grevity, the lines that denote the displacement
of center of gravity required to obtain a given pitch trim angle (dashed
lines in figure 6(a)) also denote the lines of action of the resulitent
forces on the seat of configuration 7 at & Mach number of 0.8.. By
superimposing the zirstream direction for angles of attack between--loo .
and 25° on the coordinate system of figure 6(a), 1t will be seen that
the direction of the resultent-force vector i1s never inclined with the
air stream (drag) direction by an angle greater .than 11°. This would
indicate, therefore, that the princlpal force acting on the model is
dreg. The intersection of the resultant forces at a common point
% = -0.04L and -% = 0.009- for angles of attack between -10° and 20°

locates the aerodynemic center of the model for fhis pltch range.
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CONCLUSIONS

The results of an investigation made on a practical design model
of an electable pllot-seat combination indicate the following genersl
conclusions:

l. The instabllity of the pilot-seat combinetion wes eliminated
by the addition of stebllizing fins.

2. Lerge changes in the stability characteristics and trim angles
resulted from veriatlions in fin position, dihedral, or incidence angles
end from smell displacements of the center-of-gravity position.

3. The magnitude of the aerodynamic interference that exists about
the seat had a large effect on the effectiveness of fins located at
moderate distances from the seat.

Langley Aeronsutical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Field, Va.
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(b) Front view.

Figure ._2._- Continuved.
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Figure 5.— Variation of total-pressure loss with spanwise distance at the

no flns.

vertical and longitudinal locatlon of fins of configuration 2, M = O.k;
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Figure 6.~ Effect of center-of-gravity displacement on the stability
characteristics of sjectable pilot-seat model, Configuration 7;
M =0.8.
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_ Figure 7.~ Variation of Cp, with angle of attack for three center~of-

gravity

Vv = 0% M = 0.8.

positions of the ejectable pllot-seat model, Configuration 7;

30

3

N
=3

QOHTGT WM VOWN



28 ) \ m | NACA RM L51HO8
: ;
° |
-2

N\
"N
pooo
CENS
L

"'.6 04

I

NNAS
:

o6 - : !
=30 =20 -10 0 10 20 30
o .

Figure 8.-Variation of normal-force and chord-force coefficients with
angle of attack on ejectable pilot-seat combination. Fins off,
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Mach number on model of ejectable pllot-seat combination,
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Figure 9.~ Variation of normal~force and chord-forée coefficients with'

Configuration 1,



SECU NASA Techaical

INI\HﬂlHINWIWlﬂﬂMilNlHﬂW\HﬂlllHM

176 01436




